Two successive phases can be distinguished in the development of the responsiveness to light in Oldenlandia corymbosa L. seeds during their incubation in darkness. During phase I, the responsiveness to light increases with time if there is sufficient 02, and the higher the temperature, the faster the increase. This phase is stimulated by gibberellic acid. During the following phase (II), seeds remain responsive to light at 10 or 20°C, but lose their responsiveness at higher temperature (-30°C). This second phase depends on 2: loss of responsiveness is accelerated at lower 02 concentration. Phase II is only slightly affected by gibberellic acid. The results are discussed in terms of variation of phytochrome and of a reaction along the transduction chain initiated by phototransformation of this pigment, which is finally expressed in germination.
The main characteristics of germination of Oldenlandia corymbosa L. seeds (tropical Rubiaceae) have been described in previous studies (2, 6, 7, 9) . These Phytochrome is involved in the photosensitivity of 0. corymbosa seeds, but long exposures to white or red light are necessary to ensure germination (9, 10) . Moreover, the action of light depends on temperature conditions of the preceding dark incubation (9, 10) . The absolute requirement for light is lost in the presence of GA3 at sufficiently high concentrations (above 0.1 mM) (8) .
The purpose of the present study is to determine the effect of temperature, 02, and GA3 on the development of the responsiveness to light in these seeds during incubation in the dark.
MATERIALS AND METHODS
The present study was carried out with O2-insensitive seeds, harvested from plants selected to produce only this type of seed (2) . These plants were grown in the Phytotron at Gif-sur-Yvette (France) under conditions defined previously (6 10, 20, 30 , and 35°C before irradiation are shown in Figure 1 . In absence of a prior dark incubation, the irradiation induced at most 10% germination. Responsiveness to light first increased with duration of dark preincubation, and the higher the temperature during the dark preincubation, the faster this increase. When preincubated in darkness for more than 1 guished in the development of seed sensitivity to light during incubation in darkness. The first phase (phase I) is characterized by an increasing responsiveness to light. The higher the temperature, the faster this increase. During the second phase (phase II), the photosensitivity decreased at high temperatures (30 and 35C) but remained almost constant at lower temperatures.
To determine whether phase II depended on the temperature at which phase I had occurred, seeds were brought close to their maximum responsiveness to light by incubating them in the dark either at 35C for 17 h or at 20°C for 3 d. They were then transferred for various times at various temperatures before irradiation. The results (Fig. 2) show that transfer to various temperatures prior to irradiation affected the responsiveness to light, which decreased, more rapidly at 35°C than at 30°C, while it remained high at 10 and 20C. These effects of preincubation temperature are essentially the same as those summarized in Figure 1 . Maximal responsiveness to light was not fully reached when the initial incubation at 35C lasted 17 h (Fig. 2A) . This explains the further increase in responsiveness at the beginning of the subsequent period at 10, 20, and 30C. Responsiveness to light depended, therefore, on the temperature during phase II. The temperature during phase I did not seem to have an appreciable effect on the kinetics of phase II. In another experiment in this series, seeds were incubated in the dark at 35C, then at 20C for various times, before irradiation. Control seeds were incubated continuously at 35 or 20°C before irradiation. The loss of responsiveness to light which occurred at 35C (phase II) was fully reversible by a subsequent dark incubation at 20°C (Fig. 3A) . One d at 20°C was sufficient to restore maximum photosensitivity. The results of the inverse pretreatment, in which seeds were placed in the dark, first at 20°C and then at 35°C, showed that the responsiveness to light gained by preincubation at 20C could also be reversed by a subsequent incubation at 35C (Fig. 3B) .
Effect of 02, Before Irmdiation. To determine whether 02 influenced the development of photosensitivity during phase I, seeds were irradiated after they had been incubated in darkness at 35°C for up to 24 h or at 20°C for up to 3 d, in atmospheres with 0 (pure N2) to 100% 02. At both temperatures, increase in responsiveness to light required 02 (Fig. 4) . In atmospheres containing less than 3.5% 02 at 35C (Fig. 4A) or less than 0.5% 02 at 20°C (Fig. 4B) , seeds lost most of their photosensitivity. 02 requirement for phase I was greater at 35C (Fig. 4A ) than at 20°C (Fig. 4B) , probably because of the lower solubility of this gas at high temperature. At 35C, an atmosphere enriched with 02 (50 or 100%) led to the same result as with air (Fig. 4A) . In contrast, at 20C, 5 to 10% 02 accelerated phase I kinetics to some extent over those in air while atmospheres containing 50 or 100% 02 caused a substantial delay in these kinetics (Fig. 4B) .
To study the influence of 02 on the kinetics of phase H, seeds were brought to maximal responsiveness to light by initially incubating them in the dark in air, at 35C for 17 h or at 20C for 3 d. They were then transferred to the dark at the same temperatures for various times in atmospheres with 02 concentrations varying between 0 (pure N2) and 100%, after which they were irradiated. When initial dark incubation took place at 35C (Fig. 5A ), responsiveness to light decreased whatever the 02 concentration. However, it was clearly accelerated in total anoxia and was slowest in 7% 02. During dark incubation at 20C (Fig.  SB) 02 little affected responsiveness to light, which did decrease, however, in total anoxia and in pure 02.
Influence of GA3 Before Irradiation. Oldenlandia corymbosa seeds ger-minate very well in darkness in the presence of GA3 at concentrations above 0.1 mm (8) . To study the effect of this substance on phases I and II, seeds were incubated in the dark PHOTOSENSITIVITY OF OLDENLANDIA SEEDS results (Fig. 6) showed that pretreatment in GA3 accelerated the kinetics of phase I (increase in responsiveness to light), especially at higher GA3 concentrations. This pretreatment also delayed the loss of photosensitivity of seeds during phase II, but did not prevent it completely.
DISCUSSION AND CONCLUSION Irradiation of sufficient duration (9, 10), permits subsequent germination of Oldenlandia corymbosa seeds in the dark. This can be considered as photoinduction of germination. However, the responsiveness to such irradiation depends on the conditions during the preceding dark incubation, indicating the existence of preinduction dark-processes.
Two successive phases can be distinguished during preinduction (Fig. 1) . During phase I, the responsiveness to light increases if 02 is present in sufficient high amount (Fig. 4) . This increase is more rapid at higher temperatures ( Fig. 1) and is favored by GA3 (Fig. 6) . During phase II the seeds retain their responsiveness to light at 10 or 20C, but progressively lose their photosensitivity at temperatures of at least 30C (Fig. 1) . Phase II is strongly influenced by 02 at 35C (Fig. 5A ), but to a much lesser extent at 20C (Fig. SB) . GA3 has little effect on kinetics of phase II (Fig. 6) .
The increase of photosensitivity during incubation in darkness (phase I) is a general phenomenon (17, 26, 27) . The initial increase may be associated with tissue rehydration (15, 16) . However, imbibition of 0. corymbosa seeds is complete within 4 h (5) while the increase in photosensitivity takes place over a considerably longer period depending on temperature (Fig. 1) . This phenomenon has also been observed by other authors (13, 22, 23) and may be due to synthesis of phytochrome (24, 29) or of a substance (X) required at some stage of the transduction chain between phototransformation of phytochrome and the expression of its effect in germination (20, 27) . The progressive disappearance of a germination inhibitor (3) could also be involved. Such processes may be modulated by temperature, 02, and GA3.
The loss of responsiveness to light during a prolonged period in darkness (phase II) has been observed in many positively photoblastic seeds (17, 19, 27) and has been classified as secondary dormancy (17, 19) . In general, such loss is accelerated as the temperature is increased (1, 16, 19 ). With 0. corymbosa seeds it occurs only at temperatures of at least 30C (Figs. 1 and 2 ) and does not seem to depend on the thermal conditions during phase I (Fig. 2) . The reversible action of low and high temperatures (Fig. 3) supports the suggestion (12) that the secondary dormancy does not result from a destruction of the phytochrome. Moreover, phytochrome in its inactive form can only be destroyed after one cycle of conversion into its active form (1 1, 21, 28) . Our results and those of other authors (16, 18, 30) suggest that some essential constituent (X) of the transduction chain decreases at high temperatures. It may not be destroyed, but inactivated, since the phenomenon is reversible, but it is as likely that it is resynthesized at the lower temperatures. With 0. corymbosa seeds, such inactivation would have significant effects only at high temperatures, it would increase in absence of 02 and occur even in the presence of GA3.
The germination induction by light involves the photoconversion of phytochrome. The requirement oflong exposures to light (9, 10) may be due to the fact that 0. corymbosa seeds can only germinate at high temperatures, which accelerate degradation of the active form of phytochrome (14, 25, 26) . After irradiation, active phytochrome can only express itselfwhen all the essential components ofthe transduction chain, including the hypothetical X, are present.
To sum up, germination of 0. corymbosa seeds under the inductive influence of light may result from two distinct processes: one involving phytochrome, the other an essential component of the transduction chain. In such a situation the preinduction conditions would act mainly on availability of that component, while light acts only on the photoconversion of the photoreceptor. Germination will take place when phytochrome activation and the availability of the component are sufficient and coincide.
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